Abstract-Emergency decision making is still an important issue for unconventional emergency management. For nonstandardized weight distribution in the data envelopment analysis model, an improved data envelopment analysis model by constructing two decision making units, which have the highest and the lowest efficiency to expand the scope of the efficiency value and to avoid the influence of artificial factors on the decision is proposed. Aiming at choices of routing optimization in emergency logistics, this paper also uses multi-objective decisionmaking to solve problems, i.e., time, cost and transportation distance of materials. Finally, the validity of the approach and the applied process of the proposed model are tested by a numerical example with the case of the earthquake emergency in Gansu Province, China.
INTRODUCTION
Natural disasters, accidents, public health, public security and other unexpected incidents frequently occur, and in areas with high population densities, human casualties can be great [1] . Therefore, how to efficiently transport materials in emergency disasters to the demand point becomes a key problem in the disaster relief process. Emergency logistics are special logistics activities to ensure that the demand of materials, personnel, and money are allocated to public health emergencies, major accidents and other emergencies which are sudden, uncertain, unconventional, and with urgency based on time constraints that benefit from a maximum of time management with an objective of minimum disaster losses [2] [3] [4] [5] [6] .
Data envelopment analysis (DEA) has been applied in various areas such as hospital services, education (schools and universities), manufacturing, computers, peripheral firms, information technology investment, banks, and hotels [7] [8] [9] [10] [11] [12] [13] [14] 
The above constraints restrict the efficiencies of all the DMUs to have an upper bound of 1. The ith DMU is efficient when Ei is equal to 1 and inefficient if Ei is less than 1. The (2) is transformed into an equivalent binary form, i.e., the basic C2R model of DEA method (3).
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θ is a scalar which represents the efficiency score of DMUi where
λ is a constant vector. The binary form of the linear programming has fewer constraints [18] than the multiplier form which creates problems for the uneven weight distribution of the input and output factors.
B. Improved Data Envelopment Analysis Model
The specific steps of the improved DEA model are as follows:
Step 1: Construct DMUn+1 and DMUn+2 which have the highest and lowest efficiency,
Step 2: Determine the index weight of the input and output factors.
Evaluate the last n DMUs and DMU which has the highest efficiency by using the improved DEA model. DMUn+1 is the optimal DMU, so when i=n+1, Step 3: Solve the common weight vector of the input and output factors.
C. Establishing the Improved Data Envelopment Model 1) Illustration
After a natural disaster, the National Center for Emergency Management informs technical institutions to make route optimization plans for the transportation of goods and services. Suppose there are n plans (n DMUs) to be evaluated as DMUj, j=1,2,3,4. In order to make sure the rescue goods and services arrive quickly after major disasters, "shortest time" is often treated as the objective to choose a plan.
Based on the case of the earthquake in the border region between Min County and Zhang County in Gansu Province, this paper gives an improved solution. We choose the total time, cost and transportation distance of materials as main reference indexes to determine the hierarchical structure of route optimization plans in emergency logistics. Suppose there are n lines to be chosen. Line i (i=1,2,...,n) has two types of indicators which are the positive index xki and negative index ymi. xki representing the rescue time, transportation cost and distance, and the smaller value the better. ymi represents the rescue ability of each plan, and the larger the better. Continue the efficiency evaluation for n lines according to the improved DEA model above. Construct line G (DMU7) which has the highest efficiency and line H (DMU8) which has the lowest efficiency. The input and output factors of line G are: EXAMPLE ANALYSIS A 6.6-magnitude earthquake struck Northwest China's Gansu province at 07:45 am on Monday, 22nd of July, 2013. In the middle and late stages of the emergency, some materials in the emergency disaster relief needed to be transported from the emergency supply center to the emergency demand point and the road traffic network diagram is as shown in Figure 1 . S is the supply center and D is the demand point. Ni (i=1,2,3,4,5) are the network nodes.
In the middle and later stages of emergency, the best route needs to be determined. From Table 2 , the efficiency value using the data envelopment analysis (DEA) model is between 0.830 and 1 which has a difference of 0.170; and the efficiency value using the improved data envelopment analysis model is between 0.667 and 1 which has a difference of 0.333. The greater the efficiency difference expands the scope of the efficiency values which enhances the comparability of DMUs to achieve the goal of effectively distinguishing and sorting DMUs.
From the determined index weight of the two models, we can see there are broader weight constraints in using the DEA model. However, the improved DEA model allows the DMU which has the lowest efficiency to be the least and at the same time guarantees the efficiency value of DMU which has the highest efficiency to be 1. The different ways that the two models to determine index weight led to different efficiency estimation. In comparison, the index weight of the improved data envelopment analysis model is more canonical and the results of the evaluation are more reasonable and objective.
IV. CONCLUSION
With the benefits and simplicity of DEA, it has been applied in various areas. However, the DEA model has the problem of non-standardized weight distribution. Route problems of the transportation of materials after an emergency for disaster relief has multiple attributes as the central problem. Decision makers need to develop a balance between time, cost and distance in the middle and later stages of the emergency.
To solve these problems, this paper first points out a defect of DEA which has non-standard weight distribution. Then considering that problem two DMUs which strengthen the weight constraints to achieve the goal of the improved model is constructed. Secondly, the model considers time, cost and transportation distance of materials as the main objectives to evaluate route optimization plans. Finally, the case of the earthquake emergency in Gansu Province shows that the improved data envelopment analysis model is effective, which shows that the method is effective and feasible.
